rine by AC, because tap water contains many anions, cations, and organic substances. Moreover, these results would contribute to evaluation of surface chemistry environmental chemistry, chemistry, and petrochemistry .
This study investigated the removal of free chlorine by AC, according to the effects of contact time, adsorbent dosage, and pH. Moreover, the study examined the removal of free chlorine from tap water by AC, and the breakthrough curve of free chlorine using a column.
Material and Methods

Materials
Sodium hypochlorite was purchased from Wako Pure Chemical Industries, Ltd. Two kinds of activated carbons ACs from coal AC1 and coconut shell AC2 as adsorbent were purchased from Japan EnviroChemicals Ltd. Particle diameter of the AC was sorted at 297-500 μm. AC was washed with distilled water, and subsequently filtrated by a 0.45-μm membrane filter, which was used for the experiment.
The specific surface area, pore volume, and mean pore diameter of AC were measured by a NOVA 4200e specific surface analyzer Yuasa Ionic, Japan . The surface functional groups onto AC were measured by Boehm s titration method 7 . The pH of the solution was measured according to the procedure described in the JIS K1474 standard.
2.2 Effect of contact time, adsorbent dosage, and solution pH for removal of free residual chlorine AC1 or 2 20 mg was added to sodium hypochlorite solution of 50 mL at 4.0 mg/L The suspensions were shaken at 100 rpm, for 0.5, 1.0, 2.0, 5.0, and 8.0 h, at 25 . We confirmed equilibrium adsorption was reached within 8 h. After shaking, the suspensions were filtrated by a 0.45-μm membrane filter. The concentration of free residual chlorine molecular formula: HClO and ClO was measured by a portable measurement instrument HI95701 HANNA instruments Co. Ltd. . DPD N, N-diethyl-p-phenylenediamine method was used for measurement of free residual chlorine in aqueous media. DPD regent was added to sample solution of 10 mL, the suspensions were shaken for 20 sec. The concentration of free residual chlorine was measured by a portable measurement instrument HI95701.
AC1 or 2 2.5-20 mg was added to sodium hypochlorite solution of 50 mL at 4.0 mg/L, and the suspensions were shaken at 100 rpm, for 8 h at 25 . The concentration of free residual chlorine was measured by the aforementioned method.
AC1 or 2 20 mg was added to 4.0 mg/L sodium hypochlorite solution of 50 mL at different pH conditions, which was adjusted with hydrochloric acid and sodium hydroxide solution. The amount of free residual chlorine removed was measured by the aforementioned method.
Application to removal of free residual chlorine in tap
water by AC The effect of dosage on the removal of free residual chlorine in tap water was investigated. Tap water in addition to hypochlorite Initial concentration of tap water was adjusted at 4.0 mg/L and AC1 were used for the experiment. The procedure followed that described in section 2.2. The concentrations of nitrate, nitrite, and fluoride ions in tap water were measured using an ion chromatograph IC, Prominence HIC-NS, Shimadzu . The measurement was performed using the following: column, Shim-pack IC-A3 Shimadzu ; mobile phase, 8.0 mmol/L p-hydroxybenzoic acid, 3.2 mmol/L Bis-Tris, and 50 mmol/L boric acid 1:1:1 ; flow rate, 1.2 mL/min; temperature, 40 ; detector, CDD-6A conductivity detector Shimadzu ; sample volume, 50 μL.
2.4
Breakthrough curve for removal of free residual chlorine using a column AC1 was used for the adsorbent. Approximate conditions for the column experiment were as follows: Condition 1 -Initial concentration of free residual chlorine, 3.7 mg/L; space velocity S.V. , 306 1/h; liner velocity L.V. , 6.1 m/h; flow rate, 2.0 mL/min; weight of adsorbent, 288.2 mg; temperature, 20 ; and filling height, 2 cm. Condition 2 -Initial concentration of free residual chlorine, 3.7 mg/L; S.V., 612 1/h; L.V., 3.1 m/h; flow rate, 1.0 mL/min; weight of adsorbent, 7.85 mg; temperature, 20 ; and filling height, 0.5 cm.
Results and Discussion
Properties of ACs
The properties of AC1 and AC2 are shown in Table 1 . From Table 1 , the specific surface area of AC1 1383 m 2 /g was greater than that of AC2 930 m 2 /g . Moreover, pore volume, mean pore diameter, and acidic functional groups of AC1 0.10 mL/g, 3.0 Å, and 0.96 mmol/g were smaller than that of AC2 0.15 mL/g, 6.5 Å, and 1.24 mmol/g . These results depended upon the origin of virgin coal and coconut shell.
3.2 Removal of free residual chlorine by AC As seen in Fig. 1 , the removal percentage of free residual chlorine by AC increased with elapsed time. The complete removal of free residual chlorine occurred within 8 h. The effect of dosage for removal of free residual chlorine is shown in Fig. 2 . Removal percentage of free residual chlorine using AC1 or AC2 was about 44-89 or 44-76 , respectively. The ratio of hypochlorous acid and hypochlorite ion in water is dependent upon pH level and, to a much lesser extent, water temperature. The mechanism of dechlorination by AC for is not the adsorption process that occurs for removal of organic compounds. Dechlorination involves a chemical reaction in which the surface of the AC is oxidized by chlorine. There are reactions when hypochlorous acid and hypochlorite ion react with AC, as: AC HClO C O H Cl or AC ClO C O Cl where C represents a reactive site on AC surface 5 . In this study, similar phenomena were observed. As shown in Fig. 3 , removal was most effective at pH 3 99.5 , which indicated that hypochlorous acid was the most suitable formation for the removal of free residual chlorine in an aqueous solution. This result was in agreement with previously reported results 8 . The form of the free chlorine is almost like ClO under the basic condition, and the proportions of the molecule form HClO increase with a decrease in pH.
3.3 Application to removal of free residual chlorine in tap water by AC Removal percentage of free residual chlorine and changes in concentration of nitrate, nitrite, and fluoride ion in tap water before and after removal treatment are shown in Table 2 . From Table 2 , AC1 showed sufficient removal of free residual chlorine in tap water in a complex solution system . Concentration of nitrate ion in tap water was decreased with increasing amount of adsorbent, which indicated that removal occurred via adsorption mechanism. Following the AC adsorption test, nitrite ion and fluoride ion were both below detectable levels in tap water. Organics can reduce the capacity of carbon for dechlorination by occupying the sites used for dechlorination 5 . In this study, tap water included organics and many anions and cations; however, AC1 still demonstrated useful ability for the removal of free residual chlorine in tap water.
3.4 Breakthrough curve for removal of free residual chlorine The breakthrough curve suggests the adsorption capacity of adsorbate onto adsorbent using a column. Data of breakthrough curve showed concentration in the effluent with elapsed time, which indicated that optimal condition of adsorption capacity of adsorbate onto adsorbent using a column and maximum adsorption capacity of adsorbate onto adsorbent in field conditions.
The breakthrough curve of free residual chlorine by AC1 is shown in Fig. 4 . In condition 1, the removal ability of free residual chlorine by AC was maintained for 120 h. In condition 2, free residual chlorine released from a column was confirmed at about 30 h after removal started. These results indicate that the suitable conditions for the removal of free residual chlorine using a column are: S.V., 306 1/h; L.V., 6.1 m/h. In the application examined in this study, S.V. is generally 1-100 1/h, for which AC1 was very effective. 
Conclusion
The removal of free residual chlorine using AC was investigated. ACs were prepared from coal AC1 and coconut shell AC2 . The removal percentage of free residual chlorine increased with elapsed time, and the total removal of free residual chlorine by AC was achieved after 8 h. The removal of free residual chlorine increased with increasing amount of adsorbent. The removal mechanism of free residual chlorine by AC was via reactions between hypochlorous acid or hypochlorite ion and AC a reactive site on AC surface . Moreover, AC1 was useful in the removal of free residual chlorine in tap water. The optimum condition for removal of free residual chlorine using a column is S.V., 306 1/h; L.V., 6.1 m/h. Table 2 Changes of concentration in tap water before and after removal of free residual chlorine. 
